Phosphorylation of purified rat brain Na+ channel reconstituted into phospholipid vesicles by protein kinase C.
Phosphorylation of voltage-sensitive Na+ channels in neurons by protein kinase C slows Na+ channel inactivation and reduces peak Na+ currents. Na+ channels purified from rat brain and reconstituted into phospholipid vesicles under conditions that restore Na+ channel function were rapidly phosphorylated by protein kinase C on their 260-kDa alpha subunit. The phosphorylation reaction required Ca2+, diolein, and phosphatidylserine for activation of protein kinase C, and the rate of phosphorylation of reconstituted Na+ channels was 3- to 4-fold faster than for Na+ channels in detergent solution. Phosphorylation was on serine residues in three distinct tryptic phosphopeptides designated A, B, and C. Up to 2.5 mol of phosphate were incorporated per mol of Na+ channel. Following maximum phosphorylation by protein kinase C, cAMP-dependent protein kinase was able to incorporate more than 2.25 mol of phosphate per mol of Na+ channel indicating that these two kinases phosphorylate distinct sites. However, prior phosphorylation by cAMP-dependent protein kinase prevented phosphorylation of phosphopeptide B indicating that both kinases phosphorylate the site in this peptide. Phosphopeptide B shown here to be phosphorylated by protein kinase C and phosphopeptide 7 previously shown to be phosphorylated by cAMP-dependent protein kinase co-migrate on two-dimensional phosphopeptide maps and evidently are identical. The reduction in peak Na+ currents caused by both protein kinase C and cAMP-dependent protein kinase may result from phosphorylation of this single common site.